Background: Although microbiota play a critical role in the normal development and function of host immune systems, the underlying mechanisms, especially those involved in the large intestine (LI), remain unknown. In the present study, we performed transcriptome analysis of the LI of germfree (GF) and specific pathogen-free (SPF) mice of the IQI strain, an inbred strain established from ICR mice.
Background
Humans harbor an enormous number of microbes in the intestine. Intestinal flora have been suggested to play a critical role in the normal development and physiology of host animals. Symbiosis of human commensal bacteria forms a metasystem of nutrient uptake and endobiotic/ xenobiotic metabolism whose capacities greatly exceed those provided by the products of genes encoded in the human genome [1] . Further, gut microbiota are a key regulator of the human immune system. The immune response must be balanced between defending against pathogens while at the same time recognizing commensals as harmless [1] [2] [3] . The immune system of the small intestine, which is comprised of a variety of regulatory and effector compartments including Peyer's Patch cells, intraepithelial lymphocytes, lamina propria mononuclear cells and intestinal epithelial cells, has been extensively documented [4, 5] . The normal colon, however, apparently lacks important structures/components such as Peyer's patches (PP) and Paneth cells, and little is known about the immunology of the large intestine, despite the marked differences in both function and luminal environment between the different regions of the intestine [6, 7] .
Previous studies using germ-free (GF)-, bacteria-reconstituted GF-, specific pathogen-free (SPF)-and conventional (CV)-mice have revealed that enteric bacteria have profound effects on the number and population of immune cells in PP [4, 8, 9] , differentiation of Paneth cells [10] [11] [12] , migration of T cells bearing α/β T cell receptor into the intestinal epithelium [13] , development of IFN-γ-driven immune function [14, 15] such as Th1 skewing [16] and MHC class II antigen expression [17, 18] , and oral tolerance induction [8, 16, 19] . Although functional genomics have demonstrated that enteric bacteria affect the expression of genes involved in the mucosal barrier and immu-nological defense [20, 21] , the mechanisms by which these immunological changes are induced, especially in the large intestine, are still obscure.
In the present study, transcriptome analysis was performed on colon tissues from IQI mice, an inbred strain established from ICR mice [22] . IQI mice are an autoimmune-prone strain: they induce a high level of antinuclear auto-antibody following mercuric chloride treatment [23] , have thymic B cells [24] , show age-related development of Sjogren's syndrome-like sialadenitis [25] , and exhibit spontaneous skin lesions in aged females [26] . Comparisons of picryl chloride-induced contact dermatitis in BALB/c and IQI mice suggested that enhanced antigen presentation capacity in the ear dermis of IQI mice resulted in prominent T cell infiltration and more severe dermatitis as compared with BALB/c mice [26, 27] . High sensitivity in the mucosal sites in IQI mice suggests that this strain may be useful for investigating changes in mucosa-associated immune systems induced by bacterial burden. The present results demonstrated that bacterial colonization increases the expression of cryptdin-like products and decreases the expression of regulatory factors that are indispensable prerequisites for massive IFNα synthesis. Our investigation of the cells responsible for these changes by in situ hybridization and time course analysis of IFN-α production suggested that IFN-α plays an important role in the defense response in the large intestine.
Results

GeneChip analysis of the large intestines of GF and SPF mice
There were 11 probe sets whose expression levels in SPF mice were significantly (> 2 fold) higher than in GF mice ( Table 1) . Among these 11 probe sets, 6 were those of the cryptdin family. When we applied the same criteria, there were 43 probe sets expressed at lower levels in SPF mice than in GF mice ( Table 2 ). The list of decreased genes con-tains 11 genes whose expression has been reported to be induced by type-1 interferon. Table 1 lists glycoprotein  galactosyltransferase-alpha 1,3 (Ggta1) and Table 2 lists Ifit1/GARG16, and four and a half LIM domains 1 (Fhl1), which have been noted to change in SPF mice or colonized GF mice in previous reports [20, 28] . However, there are only a few additional genes, whose function is considered to be "professionally" immune-related.
Verification of the changes in gene expression by RT-PCR
We next attempted to confirm the GeneChip data by using quantitative real time RT-PCR. Because the cryptdin family consists of more than 20 genes with DNA sequences of extraordinarily high homology, we determined the gene identity by DNA sequencing. The RT-PCR fragments amplified using the primers common for the cryptdin family were cloned into pT7Blue vector. DNA sequencing has suggested that the members of cryptdin family predominantly expressed in the colon of IQI GF and SPF mice are all cryptdin-related sequences; i.e. Defcr-rs 4, 2, and 7 (40, 7, 10 of GF mice-derived 62 clones and 24, 15, 16 of SPF-mice derived 61 clones, respectively). No authentic cryptdins were found among the sequences of the aforementioned 123 clones. Because of the difficulties in designing the primer/probe sets, due to extremely high sequence homology among these genes, further investigation using quantitative RT-PCR has not been done.
When we extended the criteria to genes with a greater than 1.5-fold ratio of expression in GF mice as compared with SPF mice, an additional class of immune-related genes were identified; namely, complement-related genes and MHC-related genes. The latter contains non-classical MHC class 1b genes which are known to be monomorphic or oligomorphic and expressed in a limited number of tissues, such as thymus and intestinal epithelium [29, 30] . Furthermore, MHC I genes are known to be type 1 IFN-inducible genes whose promoter regions contain typical interferon stimulus response elements (ISREs) [31, 32] . In addition to the immune-related genes listed in Table 2 , additional genes (for example, several interferon regulatory factors, IFN-α-inducible genes and IFN receptors) were assessed by RT-PCR analysis ( Table 3 ) to obtain a more detailed picture of the changes in type 1 IFNrelated molecules. The expression of IFN-α s (α1, α2, α4), the end products of these signaling cascades, has also been analyzed but expression of IFN-αs was not detected in either SPF or GF mice (data not shown).
Verification study using microflora-reconstituted (ex-GF) mice
To verify whether the observed changes were attributable to the presence of intestinal flora, we examined gene expression in microbiota-reconstituted mice. Pregnant GF mice were cohabited with SPF mice beginning 3 to 5 days before delivery. The offspring was kept under SPF conditions until the age of 9 weeks and total RNA was prepared from the large intestine. Real time RT-PCR was performed, the results of which are shown in Table 4 . Significant changes in gene expression were generally similar to those presented in Table 3 .
Production of type 1 interferon in the small and large intestines
To investigate whether IFN-related genes play a significant role in the immune defense response in the large intestine, we administered an oral interferon inducer, R11567DA, and used ELISA to determine the amount of IFN-α produced in the small intestine, large intestine, and blood. As shown in Figure 1 , after 4 hours, high levels of IFN-α were detected in homogenates of large intestine but not in small intestine or serum. After 20 hours, IFN-α was also detected in the small intestine and serum, and at higher levels than in large intestine. These data suggest that the large intestine can produce IFN-α very rapidly, prior to the elevation of blood IFN-α levels, even before the commencement of IFN-α production in the small intestine, which contains an abundance of IFN-signaling molecule mRNAs and would likely encounter the oral IFN inducers earlier than would the large intestine.
In situ hybridization
To elucidate the cell types responsible for R11567DAinduced IFN-α production, we performed in situ hybridization on sections prepared from the small and large intestines with or without 4-hour R11567DA treatment in SPF mice ( Figure 2 and Figure 3 ). In situ hybridization with an IFN-α1-specific probe revealed that IFN-α1 was expressed in Paneth cells, the small intestine, and discrete cells distributed in the lamina propria in the large intestine. Similar results have been obtained with probes for other types of IFN-α-induced genes, such as Ifit1, Irf7 (Figure 2) and oas1g (data not shown). The localization of Tlr7 mRNA, which has been shown to be expressed in a limited number of cell types, including plasmacytoid dendritic cells [33, 34] , showed a similar distribution pattern to that of the aforementioned IFN-related genes. Both at 4 and 20 hours, the number of IFN-α mRNA positive cells per mucosal area in the small intestine was larger than that in the large intestine ( Figure 3 ). However, at 4 hours, R11567DA treatment increased the number of IFN-α-positive cells in the large intestine but not in the small intestine ( Figure 3 ), which is in good accordance with the results of our IFN-α ELISA. The number of Ifit1-positive cells was increased by R11567DA treatment in both the small and large intestine, while the increase in the number of Irf7-positive cells occurred only in the small intestine. The number of Oas1g and Tlr7 did not change in either the small or large intestine following R11567DA treatment. At 20 hours, in the small intestines of R1156DAtreated mice, the number of IFN-α and Irf7-positive cells increased as compared with the control group, while no difference was seen in the large intestines. The number of Tlr7-positive cells decreased in the large intestine at 20 hours.
Immunohistochemistry
To identify the cells responsible for R11567DA-induced IFN-α production, we performed immunohistochemistry on sections prepared from the large intestines with or without 4-hour R11567DA treatment in SPF mice. The antibody to ISG15, a typical type-1 interferon-stimulated gene stained discreet single cells or relatively small cell aggregates in the lamina propria in R11567DA-treated colons ( Figure 4A ). No signal was detected in the epithelial layers. Multiple staining by combinations of antibodies including dendritic cell markers revealed that in the large intestine ISG15 was produced in a small proportion of CD11b + cells ( Figure 4B , C, E) and mPDCA1 + cells (Figure 4E ) although more than half of the ISG15 + cells were not stained by either CD11b or mPDCA1 antibody. Virtually no ISG15 + cells were found among the CD11c + cells ( Figure 4D ).
Discussion
In the present study, transcriptome analysis was performed on colon tissue. This approach to profile transcription in whole tissues may be limited in that the detected changes are derived from composite changes in plural cell types. However, previous transcriptome studies that have focused on intestinal epithelial cells (IECs) [20, 28] did not appear to adequately characterize the microflora-induced immunological changes in terms of transcriptional profiling, even in the small IECs, the physiology of which is supposed to be profoundly affected by a variety of GALT-derived cells and/or mediators. Although recent studies have revealed a wide array of immune-oriented functions of IECs [35, 36] , the spectrum of immune functions carried out by IECs is limited. By analyses of gene expression using whole colons from commensal GF mice, certain bacteria have been reported to increase the expression of IFN-γ-related genes and immunoglobulins [14, 15, 21] .
In the present study, the expression of CRSs was increased by commensal bacteria. CRSs are cationic peptides that have a pro-region with high similarity to the pro-region of α-defensins. Although mature CRS peptides have no sequence homology or structural homology to any other known anti-microbial peptides, CRSs have been reported to co-localize with cryptdins in the granules of Paneth cells in similar amounts to cryptdins and to have potent microbial bacteriacidal activity [37] [38] [39] . A previous study using the differential display technique showed higher expression of CRS4C in the small intestines of SPF ICR mice than of GF ICR mice [40] . If CRSs function as the first-line defense against microbial invasion, like other various intestinal anti-microbial peptides, it is reasonable that the expression of CRSs in the small and large intestines of SPF mice is higher than that of GF mice. However, apparently normal colons do not have Paneth cells, which are the main sites of cryptdin and CRS localization in the small intestine. Although metaplastic Paneth cells expressing antimicrobial proteins such as cryptdins and lysozymes are known to appear in inflammed colons [41, 42] , histological examination detected no such cells in the large intestines of SPF mice (data not shown).
Because cryptdins have been reported to also be present in the epithelial cells of the small intestines [40] , CRSs may be expressed in the colonic epithelium. The localization and biological implication of CRSs remains to be elucidated in future research.
The most interesting finding of the present study is the possible importance of IFN-α in the defense systems of the large intestine. The most prominent difference in the expression of professional immune molecules was observed for genes involved in the IFN-α induction pathway. Many of them, such as Ifit1, 2 [43] , Ifi47 [44] , Tgtp [45] , Gbp2 and 4 [46] , Irgm [47] . Lgals9 [48] , and Rsad2 [49] were originally identified as IFN-α-inducible genes. One molecule, Irf7, is a rate limiting transcription factor located in the center of a self-amplifying positive feedback loop of massive IFN-α production [50] . Microbial infection induces phosphorylation of IRF7 protein, and phosophorylated IRF7 is transported into nuclei to strongly induce the expression of IFN-αs and Irf7 itself. In the presence of kinase activated by infectious agents, newly synthesized IRF7 continues to activate the loop resulting in the explosive production of IFN-αs. The inducibility of IFN-α production in various tissues/cells and their steady state level of IRF7 proteins are known to be closely correlated [51] . Isgf3g (Irf9) and Stat1 are 2 components of ISGF3, a signaling complex that transduces the signal from receptors of IFN-α/β and induces the expression of IFN-α-related molecules including double-stranded RNAdependent kinase Eif2ak2 (Prkr) [52] , 2'-5' oligozdenylate synthetase 1A (Oas1a or Oas1g) [53] , ISG15 ubiquitinlike modifier (G1p2 or Isg15) [54] , and especially, Stat1 and Irf7 [55] . Changes in the expression of Stat2, the other component of ISGF3, have also been observed. In contrast, the expression of other interferon regulatory factors such as Irf1, Irf2, and Irf8 did not show differences, and expression of end-products such as the IFN-αs, a2 and a4 was not detected. These data suggest that, although GF and SPF mice usually do not express IFN-α, or do so at extremely low levels, once the stimulatory signals are triggered, they might produce different levels of IFN-α due to the difference in basal expression levels of rate-limiting regulatory factors of IFN-α production.
It is unknown, among the wide array of signaling molecules involved in IFN-α production, why only the rela-tively confined members showed differences in the present study. One possible explanation was provided by the results of IFN-α induction experiments. Administration of oral IFN-α inducers resulted in elevated tissue IFNα content in both the small and large intestines. However, in spite of the high basal levels of IFN-α-related genes, including Irf7, the production of IFN-α in the small intes-tine occurred later than in the large intestines. The extreme rapidness of IFN production in the large intestine suggests a possible involvement of Type 1 interferon producing cells (IPCs), which are virtually identical to plasmacytoid dendritic cells (pDCs) [56] . IPCs express extremely high levels of Irf7 mRNA and protein constitutively, and can produce 100 to 1000 times more IFN than other blood cell types within several hours following stimulation.
This assumption was further supported by our in situ hybridization analysis using specific probes against the IFN-α-inducible genes, Ifnal, Ifit, Irf7, and Oas1g, and the plasmacytoid dendritic cell marker Tlr7. In the small intestine, histological analysis clearly indicated that the cells which had positive signals for type 1 IFN-related genes and Tlr7 were mainly Paneth cells. In the large intestine, all signals were located in the mononuclear cells scattered predominantly in the lamina propria, although further examination is necessary to determine whether these signals were generated from the same cells. In accordance with the results of our IFN-α ELISA, the number of Ifna1-positive cells increased in the large intestine but not in the small intestine at 4 hours. The increase in Irf7-positive cells in the small intestine may reflect amplification of the IRF7 pool, which is a prerequisite for massive IFN production in most cells types except for IPCs. In good agreement with the results of IFN-α ELISA at 20 hours, the numbers of IFN-α-and Irf7-positive cells increased in the small intestine. The increase in the number of these cells in the large intestine ceased at this time point, suggesting that the detected immunoreactive IFN-α might represent circulating IFN-α in the blood.
These data, collectively, address the possibility that IFN production and biological defense by IFN in the large intestine is borne mainly by IPCs, presumably recruited from the bloodstream to the intestinal lamina propria.
Finally, we performed immunohistochemical analysis to confirm whether the cells responsible for IFN-α production in the present study are IPCs/pDCs. We have screened several antibodies raised against type 1 IFN-related genes and found that the antibody for ISG15, a well-known IFNstimulated gene [55, 57] , stained the cells in the lamina propria of the colon at 4 hours after IFN-α inducer treatment. Multiple staining by a combination of anti-ISG15 antibody and various CD markers has demonstrated that ISG15 + cells contains CD11b + cells and mPDCA1 + cells but not CD11c + cells. Conventionally, pDCs (or IPCs) have been identified as CD11c + B220 + Gr-1 + cells or mPDCA1 + cells. However, recent studies suggested the phenotype of pDCs, especially in the peripheral tissues, may have a wide variation [58, 59] . Takenaka S. et al [33] reported that, in the colons of BALB/c and C57BL/6 mice, many mPDCA1 + cells exist but they are neither CD11c + nor CD11b + , and no typical CD11c + B220 + Gr-1 + pDCs were present. These findings have also been obtained in the colons of IQI mice in our study (data not shown): 1) CD11b + cells were predominant in the colonic lamina propria; 2) the majority of mPDCA1 + cells was stained by neither anti-CD11b nor anti-CD11c antibodies; 3) typical pDCs (i.e., CD11c + B220 + Gr-1 + cells) were virtually absent. We have found that some CD11b + cells and mPDCA1 + cells were co-stained with anti-ISG15 antibody, but more than half of ISG15 + cells were double-negative for CD11b and mPDCA1. Colonic IPC may therefore be comprised of multiple cell populations with unique phenotypic characteristics distinct from conventional pDCs/ IPCs. Accordingly, IFN-α production in IBD model mice has been noted in both CD11b + and CD11c + dendritic cells in colonic lamina propria [60] . However, the sensitivity and specificity of immunohistochemistry are limited and further extensive studies are necessary to clarify the functional and phenotypic characteristics of colonic IPCs.
The content of IFN-αs after R11567DA administration Figure 1 The content of IFN-αs after R11567DA administration. Four hours after oral administration of R11567DA at 100 mg/ kg, the small and large intestines were removed, homogenized, and centrifuged. The amounts of IFN-αs were measured by ELISA as described in Materials and Methods. Data represent mean ± SEM (n = 3). LI, large intestine; SI, small intestine, N.D., not detected (under detection limit), *, p < 0.0001 vs SI. Without R11567DA treatment, IFN-αs were not detected in any tissues or sera. This experiment was repeated twice with similar results.
Among the immune-related genes whose expression differed in the presence and absence of intestinal flora in the present GeneChip analysis, the IFN-related genes, MHCrelated genes, some complements, and immunoglobulins were expressed at lower levels in SPF mice than in GF mice. This seems somewhat paradoxical because it is plausible that contact with high levels of microorganisms in SPF mice may result in enhancement of certain immunological defense systems in the large intestine. Along this line, Chowdhury et al. [61] reported that the expression of IFN-related genes including Irf7, Stat1, Stat2 and Tap1 in the small intestines was increased by the colonization of GF piglets with adult conventional swine feces. The discrepancy between our data and theirs may be explainable by the differences in various experimental settings such as the host animal (mouse vs. swine), RNA source (large intestine tissue vs. small intestinal epithelial cell), microbial status (SPF vs. conventional), and age of animals (9 vs. 2 weeks old). However, we think that the difference in the period after colonization may be responsible for the difference in expression of IFN-related genes between our study and theirs. The inflammation induced by microbial colonization of GF animals has been known to be only temporary and cease within several weeks [62, 63] . After the inflammation is terminated, histological findings return to a state apparently indistinguishable from the normal intestines of mice genuinely harboring the microbes. Therefore, the up-regulation of IFN-related genes in the midst of or shortly after inflammation, and their down-regulation after a long period of resumption of integrity of tissues and adaptation to enteric microbes may be quite compatible and it appears that the IFN sys-
In situ hybridization for mRNAs of IFN-α-related genes and Tlr7 in the small and large intestines In the small intestine, all signals for Ifna1, Ifit1, Irf7 and Tlr7 were detected in Paneth cells. In the large intestines, the signals were detected in the discrete cells distributed in lamina propria, though further examination is necessary to elucidate whether these signals were generated from the same cells, and to determine their cellular identity. Five sections per tissue were prepared from each of 8 mice. Representative photographs were shown.
tem may play an extraordinary role in the immunological confrontation, negotiation and reconciliation between microbiota and host animals. The immune systems of the gastrointestinal tract are known to have potent antiinflammatory and regulatory properties. In the intestinal immune systems, constant exposure to bacteria-derived immunostimulating molecules may crowd up the threshold of activation of the inflammatory aspect of the immune system. Alternatively, the immune system may be programmed to develop anti-inflammatory and/or regulatory responses to microbial stimuli as a default setting, unless certain specialized machinery such as toll-like receptors provide the additional signature indicating the stimuli are derived from specific dangerous pathogens. The down-regulation of immune-related genes may represent certain acquired characteristics of the intestinal immune systems to adapt to circumstances in which immune cells are continually exposed to vast amounts of commensal bacteria.
Conclusion
The present study suggests that microbial colonization, while inducing the expression of certain anti-microbial peptides, results in the down-regulation of a relatively limited range of genes responsible for host defense responses in the LI. This may reflect the adaptation process of immune systems in the LI to prevent excessive inflammation with respect to continuous microbial exposure. In particular, an extraordinary role of type I IFN has been suggested. Further, the repertoire of anti-microbial peptides and the extraordinary role of type 1 IFN-produc-Quantitation of the numbers of cells positive for Ifna1, Irf7, Ifit1, Oas1g, or Tlr7 ing cells in the LI have been found to be distinct from those in the SI.
Methods
Animals
Male germ-free (GF) and specific pathogen-free (SPF) IQI/ Jic mice were bred and maintained in the laboratory of the Central Institute for Experimental Animals (CIEA, Kawasaki, Kanagwa, Japan). GF mice were housed in a Trexlertype flexible film isolator in a standard germ-free state and screened on a weekly basis for germ-free status by sampling feces sterilely and culturing on MRS-agar plates under aerobic and anaerobic conditions. All GF-, SPF-, and ex-GF mice were kept on a 12:12-h light/dark cycle at a temperature of 22 ± 2°C. Microflora reconstitution was performed by transferring the pregnant females to an SPF facility, where they were reared in the presence of male SPF mice beginning at 3 to 5 days before the expected natal day, and the newborn male mice were used as microflora-reconstituted ex-GF mice. All animal procedures were approved by the institution's ethical committee for care and use of laboratory animals in research.
Tissue dissection
Nine-week old mice were sacrificed by cervical dislocation and the colon was dissected (the colon was not divided into proximal and distal sections and was treated as a single intestinal section). Tissues destined for in situ hybridization were rinsed in phosphate-buffered saline (PBS), cut longitudinally, fixed in formalin or paraformaldehyde, and embedded in paraffin. Tissues destined for immunohistochemistry were embedded in OCT compound (Tissue-Tek, Sakura Finetechnical. Tokyo, Japan) and frozen in liquid nitrogen. Tissues destined for RNA extraction were flash-frozen in liquid nitrogen after washing with ice-cold PBS. 
Microarray analysis
Real-time RT-PCR
All mouse primer and probe sets used TaqMan ® Gene Expression Assays (Applied Biosystems, Foster City, CA) or Custom TaqMan ® Gene Expression Assays (Applied Biosystems). Total RNA was purified from large intestine (n = 4-6 per group) as described in the previous paragraph. Reverse transcription was performed with 1 ug of total RNA using TaqMan Reverse Transcription Reagents (Applied Biosystems). Real time-PCR analysis was performed using an ABI Prism 7900HT (Applied Biosystems) with the following thermal cycling conditions: 1 cycle at 55°C for 10 min, followed by 40 cycles at 95°C for 15 sec and 60°C for 1 min. All samples were run in triplicates. Data were normalized by using Irf1, the expression of which had been found to be quite stable among groups in the present experimental setting, as determined by Gene-Chip and RT-PCR analyses. GADPH and beta-actin fluctuated greatly and slightly, respectively, which is presumably a reflection of the massive changes in tissue organization among microflora -absent and microflorapresent intestines.
Cloning and sequencing of CRSs
Fragments of the Defcrs family were amplified using the primers common for the family (forward, 5'-ATGAAGA-GACTTGTCCTCCTC-3'; reverse, 5'-CTTCTTGAAGAGCA-GAGCCTT-3') from total RNA from the large intestine of GF-and SPF mice by RT-PCR using TaqMan Reverse Transcription Reagents (Applied Biosystems) and Advantage HF2 PCR kit (Clonhech, Mountain View, CA). The fragments were cloned into pT7Blue vector using a pT7Tblue Perfectly Blunt Cloning Kit (Merck, Darmstadt, Germany) according to the manufacture's instructions. The inserts were checked by colony-direct PCR and sequenced using ABI PRISM ® 3100 Genetic Analyzer (Applied Biosystems). The dendrogram was made from the sequence data by Contig Express and the Align X equipped in the Vector NTI advance Ver.9 (Invitrogen, Carlsbad, CA). BLAST searches on the NCBI database were performed to identify the gene name.
Induction and quantitation of IFN-α protein
Tilorone analog R11567DA (Sigma, St.Louis, MO) was administered p.o. to IQI SPF mice at a dose of 100 mg/kg [65] . At 4 and 20 hours later, after cervical dislocation, blood samples were collected from the cardiac ventricle. The small and large intestines were then dissected and snap-frozen in liquid nitrogen. The blood was allowed to clot at room temperature for more than 30 minutes and centrifuged to obtain serum samples. The sera and intestines were stored at -80°C until use. At assay, the intestinal samples were thawed, homogenized in PBS buffer with protease inhibitor cocktail Mini (Roche Diagnotics, Basel, Switzerland), and centrifuged at 15000 g for 5 min at 4°C, and the supernatant was saved. The amount of IFN-α protein in the supernatant and serum was assessed using a commercially available IFN-α ELISA kit (PBL Biomedical Laboratories, Piscataway, NJ), which specifically detects the IFN-αs, α4, α5,α6 and α9.
In situ hybridization
The protocol for in situ hybridization has been described previously [66] . Briefly, after acetylation, dehydration, and delipidation pretreatment, mRNAs in sections were hybridized with specific Brigati-Tail oligonucleotide probes using a MicroProbe Staining system (Falma, Tokyo Japan). The sequences of the probes used were Ifna1, 5'-TTCAGGGGAAATTCCTGCACCCCCA-3'; Ifit1, 5'-TTCG-CAAAGCAGGCCATGGC-3'; Irf7, 5'-ATTTTCCGTGGCT-GGGCCCACA-3'; Tlr7, 5'-TTTCCATGGTCCTGCTGGCCGA-3'; Oaslg, 5'-TTGGTT-GGGCGCTGCTTCAGGA-3'. After post hybridization, the biotin-labeled hybrids were sequentially detected with alkaline phosphatase-conjugated streptavidin with stable DAB. Hybridization with antisense oligonucleotide probes for respective mRNAs gave no specific signals (data not shown).
Immunohistochemistry
Immunohistochemistry was performed on frozen-sections of mid-colon post-fixed by acetone using the following primary antibodies, PE-or FITC-conjugated anti-CD11c (rat mAb, M1/70, BD Pharmingen, Franklin Lakes, NJ), PE-or FITC-anti-CD11b (hamster mAb, HL3, BD Pharmingen), PE-or FITC-or APC-anti-mPDCA1 (rat mAb, JF05-1C2.4.1, Miltenyi Biotec, Bergisch Gladbach, Germany), anti-ISG15 (rabbit pAb, AP1150a, Abgent, SanDiego, CA). Sections were incubated overnight at 4°C in primary antibodies diluted in antibody diluent (DAKO, Glostrup (Denmark), Secondary antibodies (Alexafluor-488-, or Alexafluor-647-labeled anti-rabbit IgGs) and DAPI (Molecular Probe), diluted in antibody diluent, were reacted for 2 h at room temperature. Sections were viewed by a laser-scanning confocal microscope FV1000 (Olimpus, Tokyo, Japan). In control sections, primary antibodies were omitted and no staining was observed in these sections.
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